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Immunologic Mechanisms in Experimental Vasculitis

FRANK J. DIXON
University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania

This presentation deals with several ex-
perimental models in which immunologic
reactions are associated with vascutlitis. The
models chosen have readily identifiable anti-
gen-antibody reactions and may be analog-
ous to some human diseases.

In serum sickness, the essential immuno-
logic event is the interaction between circu-
lating antigen and newly formed antibody,
initially in an environment of antigen ex-
cess, and finally in one of antibody excess.
Coincident with the antigen-antibody reac-
tion are inflammatory and necrotizing
changes in small and medium-sized arteries,
particularly of the heart, and an endothelial
proliferation in the glomerular capillaries.
Fluorescent antibody observations reveal the
presence of antigen and probably antibody
in these vascular lesions.
The essential immunologic feature of the

Arthus reaction is the interaction of antigen
with antibody in the walls of small vessels.
One of the reactants must be in the circu-
lation and the other injected locally to in-
sure the immunologic reaction within the
vessel wall. Fluorescent antibody studies
reveal a sub-endothelial antigen-antibody de-
posit in small vessels in the Arthus site. In
the absence of circulating polymorphonu-
clear leukocytes, this antigen-antibody de-
posit appears to elicit little or no inflammia-
tory reaction. In the presence of polymor-

phonuclear leukocytes, the polys infiltrate
the affected vessels and phagocytize the
antigen-antibody complexes, which they then
catabolize and/or carry off. Thus, this
phlogogenic stimulus, initiated by antibody-
antigen interaction, is fully expressed only
in the presence of polymorphonuclear leuko-
cytes.
A chronic glomerulonephritis, morpho-

logically and clinically quite similar to
its human counterpart, can be produced in
rabbits by daily intravenous injections of
foreign serum proteins. This course of anti-
gen injections results in a prolonged anti-
gen-antibody interaction in the circulation.
Glomerulonephritis develops in those rabbits
which produce some but not enough anti-
body to combine completely with and cause
the elimination of all circulating antigen.
These relatively poor antibody producers
have a continual antigen-antibody reaction
occurring in the circulation in an antigen-
excess environment. Fluorescent antibody
studies indicate the heavy deposition of
antigen and probably antibody along the
basement membranes of affected glomeruli.
Electron microscopic observations reveal
these antigen-antibody deposits to be in
contact with the outer surface of the base-
ment membrane, between the membrane and
the epithelial cell cytoplasm. Similar elec-
tron-dense deposits have been observed in
human chronic glomerulonephritis.
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The role of circulating antibody in the
rejection of homografts is still not generally
recognized, in spite of the growing number
of reports of the existence of cytotoxic
antibodies in the serum of grafted animals
and of the passive transfer of anti-graft
immunity by such serum. Much of the argu-
ment against the participation of serum
antibodies is based on early work with cell-
impenetrable chambers which indicated that
host cells, but not antibodies, are involved
in graft destruction. More recent work has
indicated that grafts in such chambers can
indeed be destroyed by antibody in the
absence of host cells. While immunity to
grafts of dissociated normal or malignant
cell suspensions has been readily transferred
with serum, such has not usually been the
case with orthotopic homografts (of skin,
for example). Preliminary evidence has
been obtained that in such vascularized
grafts there exists a blood-graft barrier to
the passage of antibodies, and that graft
destruction may be accomplished by cyto-
toxic antibodies only after some increased
permeability of blood vessels is produced,
lerhlaps by a local delayed hypersensitivity
reaction.

DISCUSSION

JOHN G. KIDD: The concepts and phe-
nomena of immunology have in the past
given rise to much food for thought and to
many problems of interest for pathologists.
We have heard this evening from two in-
vestigators who are now working effectively
in this field. Their papers show clearly, it

seems to me, that newer techniques of im-
munology, when industriously applied to
problems having to do with alterations in
tissues and cells in vivo, can still disclose
findings having at once wide biological im-
plications and special interest and im-
portance for those who are interested in the
causation and nature of disease.

Dr. Dixon and his group are to be con-
gratulated upon their mastery of the fluores-
cent antibody technique first developed by
Coons and Kaplan and for their critical
application of this technique and other im-
munological procedures to the study of ex-
perimental va-iscilitis and glomeruflonephri-
tis. With respect to the nature of the
induced arteritis, it seems to me that they
have in this lesion a verv close experimental
model of the acute stages of naturally oc-
curring periarteritis nodosa-though this
disease has intruded itself somewhat less
often upon our thoughts during the past
several years than it used to do some years
ago when the American public was consum-
ing several hundred tons of sulfonamides
per annum. Furthermore, the reversible
glomerulonephritis associated with induced
serum sickness, shown in Dr. Dixon's first
group of slides, although clearly unlike
the lesion of chronic progressive glomer-
ulonephritis that we see at the postmortem
table, may still provide something of a
counterpart for the lesion of naturally oc-
curring acute glomerulonephritis, for it is
well known that most patients who develop
this disease recover from it in due course.
By means of the fluorescent antibody and
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other imimiuinologic teelinuelites in combina-
tion with light and electron mnicroscopy, )r.
I)ixon has Shown quite l)recisely the localiza-

tioni of antigen and attiiho(I- 1)resit,,t.ll-
joined together in the foriti of complilexes-
ait the sites of injury in these ind(lice(l acute
lesions. Ills findings l)ear upon the causation
al]n patliogenesis of several exl)eritttenital
uliseases and(1 tlheir natiauralily occ(i rri n- p)lhott-
types.

In his niore recent studies, as illustrated

in his second group of slides, l)r. Dixon has

irolduuced a progressive chronic glonierilone-
phiritis wvhich, to uty eve ant least, has
aill the earmarks of chronic ative (Type I)
glomnerulonephritis as wve see it in hlitian
heings. I (qiestion whether lie would have

achieved this noteworthy result had lie not
been at once n expl)erienced pathologist

ithi facilities for wvork oil in extensive
scale, and at the saute tiie al competent
itimmllinologist 'with duie re iar(d for the
valties of (lilantitation. For, as you will re-

call, when lie gave hovine ailhtnin relpeated-
lv over long l)eriod(s of titime to rahhits theat
wNere good antihody protdutcers, and thus
stititutlated with relatively little .antigen the
formation of very large (Itantities of anti-
body, the lesion did not (levelop; and the
saInie was trite whenl he ga.-ve the antigen in
excessive amiouints to animals that wvere un-

reslponlsive or l)poor proditcers of antibo(ly.
'I'lie chronic nephritis (levelotped only in
those rabbits in 'which comiplexes (otimposed
of mitore or less equivalent atoittints of aIllti-
gen] and antibody wNere lprestiitallyN present
in the circulating 1lo)1(1( (dttrinig cotntsideratble
perioids of titie. I ait sut re wve shlill all

await 'with interest the lptblicatioti of thlese
findings in (leta il, md tltei r ievitt hble e-
tension in numerous directioins.
Now Dr. Dixon has not travelled all the

wvayv fromt Pittsbitrg' itierely to hear nice

thlings said of his wtork. lie expects, I
sure, at least one capltiotis rentark, an(1 I

tnt prepared to (leliver this. Buit first I wvish
to commtitend lhimti fitrther for not xsingr the
terin "collagen disease" in his presentation
this evening. It seents to itte high tiutte theat
pathologists generally at least tliose who
have regard for )recisioin in termiinologv
a n(l nomenclature1should a gain follow Dr.

Klemperer's lead(12 an(1 re-exatimine the basis

uoitn. which tlhey have emttployed this terni
(liritig the past several Vears. Recent ob-
servattiots Otn tlie natiare of dissetttinate(d
hitl)its, iniclt(ling tlhose of l)r. Kiletiperer,
lead its away froit the notion that colltgeii
is pritta rily itijitred in this disease-1. Further-

mOre, the ohservatiotns of (;eorge Murphy
itd(licale that lhea rt titiuscle, not Collagen, is

primarily ini jiured iii riheuimtiatic disease4, atid
the observations of other wtorkers provide
tiore than iii ind(licationt that what has so
long ainld glibly been calle(l fihrinoiid is, in
large part at least, tierelv fihrin5- ';. In this
latter relatioti I recall the ext-raordinarv re-
serve that D)r. Kllemlierer has always dis-
p)latve(I towa rd( the termis "tibrinoid deurener-
a tion" and "fihrinoi d iecrosis"; lie s heen
ait once vig orotis, a rtieitlate, atid logical in
pointing: Ollt tlhtt these tertts lack sip-
(ificity ati(l lprecise tneaning'. \nd this leads
mite to itiV (alitiouis cotitiment: Twice this
evening, witlhitn earsliiot of its all, Dr. Dixom
ha s pointe(l to ''hliritoii(ld in his acute

lesiotits. I lhotpe that otlers will tuOt econclitole
from l)r. D)ixoin's reference to filbritioidl that
ciollagen is primarily injitred iii the lesions
lie has pro(liced(; also that l)r. )ixon ca(;i
manage in (lide (tolrse to (lefine p recisely tin
pi)iit of injtury

I)r. Stetsoin hIs (onitcerned hittmself tmtainlv
with the teclianiismtts 'whereb)v iattiialiati
oirganistis react against transiulanted tissue
cells and bring abouit their death. As lhe has

l)ointed oit, this is
a problemt that hais in-

terested nitanv investig;ators during the past
50 years. It is tiso larprobletm lhavitng quite
wi(le imtiplications- bea ring, for exanmple,
upon the iatitre of genes and( of antigets,
upon the l)pne naiitti of hy ersensitivity,
and, imiore retotelv perhaps. on the itani-
festations of autto-imiuitne states. Further-
iore, (diritig the past 20 years there has
been a renewal of interest in this problemt;
aind fromt recent wiork in this field a new

aind fiundamnental phiemiienono-namely, im-

munoloiqc(l tolermuoce h-ts come as by-

p ro(ld ct.
M own interest in this problem has cen-

teredl aroutind imimitinity to transplanted
cancer cells. Mitch of the ea rlv work in this
field was done 'with these as materials.
Sonce 50 years ago, -when cancer began to
be stuidie(l intensively in laboratories all
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over the world, only randoni-bred nttaintials
were availalble, an(l investigators who then
undertook to transplant a spontaneous
tumor in this species found it necessary to
uise d(ozens of hosts in or(ler to get aI take in
one or a few aninmals, and they were ahle
to keel) the tumor going only bhv using large
nunbers of hosts during several serial trans-
fers. Even after this critical )eriod, ltany
of the grafts grew only briefly and then
regresse(, the implanted hosts l)eing immune
thereafter. Now it has he(onme known to
everyone that genetically determined anti-
gens, present in cells of the graft hut absent
from tissues of the host, stimulate in the
host a specific immune reaction which some-
how overcomes the graft. Yet the nature (f
the immune reaction and tile mechanism
wiherelb! tile grafts are overcome hlave re-
mtained uncertain to the l)resent (lda; much
controversy still centers around tlhe question
wivhether humitoral antibodies or "immullne"
lvml)yhoctes effect the result, as l)r. Stetson
lass told l1S.
Such knowledge as we now have of in-

nmnity against translplanted tissues llas not
hv any means burst suddenly 1u)on1us. Many
years ago, Dr. Rouis showed that inmmunity
against transplante(l cancer cells c-an be
induced artificially by injecting either liv-
ing cancer cells or living embryonic (non-
neoplastic) cells into allien hosts, the it-
munity thus induced being effective against
grafted normal tissues as w%,ell a1s against
gra fted neoplastic tissuesr. Dr. 'William
Wo-lom, who uased to conie often to the
meetings of this Society, wrote two detailed
reviews on illllmunity to tralnslllanted cancer
cells, one pllblishe(l in 191:3 alld tile other in
1929. In the latter pl)blicatiol, whichl deals
with observations recorded in more thian
600 palpers, Woglonlt note(l l)articlllarly tilat
all attempts theretofore to demonstrate
mllllnoral antibodies a1s reslponsible for im-
muunity to transl)lante(d cancer cells Ilad
f~ailed, and lie concluded thlat a "generalized
host resistance" of uniqute sort wvas p)robably
responsible when tumlor cells were overcome
in alien hosts8. Some yealrs later, upon re-
viewing the work of I llnsden and tile earlier
work of Gorer on isoantibodies in relation
to imlllunity to transplanted cancer cells,
I concluded that the isoantiho(dies tilat thev

Ilad found in the bloo1( of resistant hosts
Inight well prove to be epiphenomena in re-

lationslhip to tie regression of transplanted
tumors'. More recellt work makes it plain
thiat the effects of isoantibodies in this re-

lationship remain still ulncertain'0' '. By
contrast, I)a Fanol old J. 1B. Murphy1M
long ago collvince(l themselves tilat lympho-
cvtes are l)rol)al)ly reslponsible for the re-
gression of grafted tumors in resistant and
illmlIsune lhosts.
And this brillgs ine to tile contentiomts as-

pect of what I lavge to say about Dr. Stet-
sons presentatioll. Some ylears ago, after in-
bred anitttals lhad become readily available,
Dr. loolan and I, with Dr. Ellis participat-
ing its a lpart of tile work, made a histologic
study (If regressillgCg HC3 matnnary cairelln-
omas in Strain A mlice this with the aim of
learning, if we could, the means whereby
cancer cells are overcome in alien hosts'4.
We found tlhat cells fron a, C3H mammary
carcinoma, itmtplalnted into the subcutaneous
tissues of animals of that inbred strain, be-
gan to proliferate within 24 to 36 hoitrs
following ittq)lantation aind contilliled to do
so thereafter until death of the host, with-
out calling forth any inflamlnatory response
or being inflitenced in any discernible way
by immunological factors. Wihen we pit
these cells ilnto all)ino (Strain A) Icice, we
found that they also grew d(hring the first
five days following illlalalltation, and pre-
ciselv as ill C311 Ittice. Qitite regularly on tie
fifth or sixth day, hoIloever, lyNmphocytes
began to -appear atlIatt the growths in the
alien Strain A inice. The lymphocytes SOOI
becatlme ntlitterotts, and they )romptly began
to infiltrate tile small no(lltles of proliferat-
ilng tumor cells from the leriphery inwards.
As the lymphocytes established intimate con-
tact with the proliferating tumnor cells, the
latter lbegan to die one by one, the process
proceeditig (Iitite rap)i(lly ltntil the last tutmor
cell haid died, tstally before the 12th day.
Furthermore, as they (lied, the thimor cells
exilibited an illteresting sequence of
cytologic cilanges whici wvas wholly unlike
that to be seen in tfintor cells dying from
other canitses e.g., as the result of anoxia, or
when heated. When a Strain A mouse had
overcomte its first C(3'1 tulmor and was later
reimpla nted, tlhe lymplllocytes acollmitlated
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much more promptly. Within 24 hours they
began to collect in considerable numbers
about the implanted lymphoma cells, and
within 48 to 72 hours the lymphocytes
were not only exceedingly numerous but
also closely approximated to the proliferat-
ing tumor cells. Soon the latter began to
exhibit the distinctive cytologic changes, and
within five or six days following implanta-
tion they were all dead1. In further experi-
ments we procured blood serum and sus-
pensions of lymph node cells from immune
Strain A mice, often from animals that had
been repeatedly reimplanted. The serum
had no effect on the tumor cells in vitro,
whereas suspensions of cells from the lymph
nodes always acted powerfully against them.
Hence my own experience has led me to
the conclusion1-previously reached by Da
Fano12 and by Murphyu and subsequently
arrived at by Mitchisonm5 and by Weaver,
Algire and Prehn'6-that "immune" or "sen-
sitized" lymphocytes probably overcome tu-
mor cells when these are transplanted to re-
sistant hostsU. It was inevitable that we
should see a parallel between these observa-
tions and those of Landsteiner and Chase,
which indicate that cells are responsible for
certain of the manifestations of hypersensi-
tivity17' 18.

In spite of my own experience in this
relation, it seems to me wholly appropriate
that Dr. Stetson should question the con-
clusion that lymphocytes bring about regres-
sion of tissues transplanted in alien hosts,
and that he should mobilize from his own
experiments and from the observations of
others such evidence as he can find to sup-
port the inference that humoral antibodies
are responsible. For after all, to paraphrase
a saying of Josh Billings: a difference of
opinion can lead to experimentation, and
perhaps, indeed-to discovery. Surely, in a
field as complicated as this one is, the

repetition of work and the application of
differing points of view are much to be
desired if the points at issue are to be
resolved.
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